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ABSTRACT
ANALYSIS OF THE PHYSICAL PROPERTIES OF TREHALOSE-WATER-LITHIUM IODIDE
BASED ON THE BOND STRENGTH COORDINATION NUMBER FLUCTUATION MODEL. The
temperaturedependenceofthe viscosityoftrehalose-water-lithiumiodidesystemhasbeeninvestigatedby the
meanof theBond StrengthCoordinationNumberFluctuation(BSCNF) model.The resultindicatesthatby
increasingthe trehalosecontent,maintainingthecontentof Lil constant,the fragility decreasesdueto the
increaseof theconnectivitybetweenthestructuralunits.Our analysissuggestsalsothatthefragility of the
systemis controlledby theamountof waterin thecomposition.By increasingthewatercontent,the total
bondstrengthdecreasesand its fluctuationincreases,resultingin the increaseof the fragility.Basedon the
analysisof the obtainedparametersof theBSCNF model,a physicalinterpretationof theVFT parameters
reportedin a previousstudyhasbeengiven.
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ABSTRAK
ANALISIS SIFAT-SIFAT FISIS TREHALOSE-AIR-LITHIUM IODIDA BERDASARKAN
MODEL BONDSTRENGTHCOORDINATIONNUMBER FLUCTUATION.Telahdiinvestigasiviskositas
sebagaifungsisuhuterhadapsistemtrehalose-air-lithiumiodidadenganmenggunakanmodelBondStrength
CoordinationNumberFluctuation(BSCNF). Hasilnyamenunjukkanbahwadenganpenambahankandungan
trehalose,mempertahankankandunganLil tetapkonstan,fragilitysistemmenurun,seiringdenganpeningkatan
konektivitasantarunit-unitstrukturmolekul.Hasilanalisisjugamenyarankanbahwafragilitysistemdikontrol
olehbanyaknyakandunganairdi dalamkomposisi.Denganmeningkatkankandunganair, totalkekuatanikatan
terhadapunitstrukturlainberkurangdanfluktuasinyameningkat,mengakibatkanpeningkatanfragilitysistem.
InterpretasifisisdariparameterVFTyangdilaporkanpadapenelitiansebelumnyatelahdilakukanberdasarkan
analisisdariparameter-parametermodelBSCNF yangdiperoleh.
Kata kunci :Model BondStrengthCoordinationNumberFluctuation,Viskositas,Fragility
INTRODUCTION
Studieson physical propertiesof lithium-ion
conductorsare interestingfrom both academicand
appliedsciencepointsof views. Thesematerialsare
characterizedby theirhigh energydensitypowerand
high ionic conductivity.Among the many potential
technological applications such as fuel cells,
electrochromic displays and smart windows,
rechargeablelithium-ion batteries are of outmost
importance.However,changesin today'slithium-ion
batteries are required. For instance, changes in
the chemistry, improvements in environmental
sustainabilityandenergycontentaremandatory.Many
40
studieshavebeenconductedin order to enhancethe
conductivity of lithium-ion conductors, including
LiI-nHp system[1,2]. For this systemit has been
shownthattheadditionof trehaloseenhancestheglass
formingability[3,4],
Recently,the ionic conductivityof trehalose-
water-lithiumiodidesystemwithdifferentcompositions
oflithium iodideandtrehalosehasbeenmeasured[4].
The resultsshowedthatthe additionof trehaloseinto
theaqueoussolutionof LiI enhancesnotonlytheionic
conductivitybut also theglasstransitiontemperature.
Thedatawereanalyzedbytheuseof theVogel-Fulcher-
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Where
(2)
(4)
(5)
FromEquation(2),wecanlearnthatahighvalue
of thetotalbondstrengthof thestructuralunit and a
lowvalueof itsfluctuationcorrespondstoa lessfragile
system[9].
On the other hand, it is well establishedin
the literature that the temperaturedependenceof
the viscosity can be describedin term of the VTF
equationas
LogT]=Log17o+ BVFT •••••••••••••••••••••••••••••• (3)
T-To
where is a constant and denotes the ideal
glass transition temperature known as Vogel
temperature.In a recent study, it has been shown
that the BFCNF model reproduces exactly the
temperaturedependenceof the viscosity described
by the VFT equation [10]. Such a reproduction
occurswhentheparametersand satisfythefollowing
relation
IMj/Eo
r=I~/zo =1
thatis, whentheratioof thenormalizedbondstrength
fluctuationto the normalized coordinationnumber
fluctuation equals unity. At the glass transition
temperature,theVTF equationgivenby Equation(3)
canbewrittenas
THEORY
The Bond StrengthCoordination Number
FluctuationModel
Tammann(VTF) equation.Until now, the physical
propertiessuchasconductivity,viscosityandfragility
of the material under consideration here are not
sufficientlyunderstood.
The purpose of the presentwork is to gain
furtherinsightsonthephysicalpropertiesof trehalose-
water-lithiumiodidesystembyusingtheBondStrength
CoordinationNumberFluctuation(BSCNF) model[5],
which has beenfound to'be very usefulto describe
the relaxation behavior of many materials. In
this work, we have investigatedtheoretically the
effectsof trehaloseandwateron theaqueoussolution
of LiI.
In theBSCNF model,themeltis consideredto
be formed by an agglomerationof structuralunits.
When the temperatureof the system is lowered,
theviscosityof themelt increasesdueto theincrease
of the connectivitybetweenthe structuralunitsand
the spatialdistributionof structuralunit is frozenat
theglass transitiontemperatureT. According to the
• g
model, the VISCOUS flow occurs whenthe structural
unitsmovefrom one position to anotherby twisting
and breaking the bonds connecting them. Each
structuralunitisboundtootherstructuralunitsbycertain
bondstrength[5].
Basedon theseconsiderations,thetemperature
dependence of the viscosity can be written as
Equation(1)
Where
Table1. Composilions (mole ratio) of trehalose-water-lithium
iodide systemand correspondingvalues of VFT parameters[4].
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In Equation (I), '70 and '7Tg denote the
viscosities at high temperaturelimit and at glass
transition temperature, respectively. For their
valueswe adoptthe usual values '70= 10-5 Pa's and
'7Tg= 1012Pa's [6]. C containsinformationaboutthe
total bondstrengthof the structuralunitand B gives
its fluctuation.Eois the averagevalueof the binding
energyandZo is theaveragevalueof thecoordination
number of the structural units. /)'E and t"Z are
the fluctuationsof E and Z, respectively.R is the
gas constant.
According to the BSCNF model,the fragility
index m is written in termsof the parametersand
as[5,7,8].
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In tennsof theVFT parameters,theftagilityindex
is writtenas
Here, and denotethe values and that satisfy
Equation(4) inthecaseof[lO].
RESULTS AND DISCUSSION
In this sectiontheBSCNF modelis appliedto
predictthetemperaturedependenceof theviscosityof
trehalose-water-lithiumiodidesystem.Theratioandthe
valueof for eachcompositionreportedin [4] aregiven
inTableI. It hasbeenshownthattheionicconductivity
ofthe systemfollowstheVFT behavior[4].Therefore,
by assumingthatthe viscosityalso follows the VFT
behavior,we haveusedEquation(7) to detenninethe
valuesof and for eachcomposition.For theftagility
index m, we used the values calculated from
Equation(6).ThankstoEquation(2),theobtainedvalues
of and enableus to obtainthevaluesof theftagility
indexgiveninTable2,whichcoincideexactlywiththat
of Equation(6). This coincidencereconfinnsthatthe
behaviordescribedbytheBSCNF modelreproducesthe
behaviordescribedby theVFT equation.
Oncehavingthevaluesof and,we candescribe
theoretically the temperature dependence of the
viscositythanksto Equation(I). The resultis shownin
Figure 1.It is of utmostimportanceto mentionthat,as
farasweareinfonned,experimentalstudiesonviscosity
in trehalose-water-lithiumiodidesystemhasnot been
reported.
Figure 2 showsthe relationshipbetweenthe
parametersand,detenninedfortrehalose-water-lithium
iodidesystem.It hasbeenshownpreviouslythatlarge
valueofandsmallvalueof correspondtostrongsystems,
whereasmallvalueof andlargevalueof correspondto
fragile systems[9]. The additionof trehaloseto the
aqueoussolutionofLiI (datapointsI-V) resultsin the
decreaseof andthe increaseof. This trendindicates
that the fragility of the systemdecreasesas shown
inTable2.
AccordingtotheBSCNF model,thisbehavioris
relatedtotheincreaseof thestrengthof theconnectivity
betweenthe structuralunits. In the presentcase,the
connectivityis primarycausedby the interconnection
betweentrehalosemolecules.This interpretationis
consistentwitha studyreportedin aqueousmixtureof
trehalosewith sodiumchloride [11].There,basedon
conductivitymeasurementsandsimulationresults,it is
reportedthattheheterogeneityprevails in thesystem
and thatthe domainsconsistingmostlyof trehalose
moveslowly,whereasthedomainsconsistingof ions
andtheiraccompanyinghydrationshellsmovefaster.
From Figure2, we notethatby increasingthe
watercontent(fromVII toI), ofgrossmanner,thefragility
increases.This behavioris interpretedasduetothelow
connectivityof watermoleculesascomparedto thatof
trehalose.The resultreportedfor somesugarsolutions
seemsconsistentwiththispicture[12-14].
To avoid confusion, some commentshould
be given here. By looking at Figure I or by
comparingthevaluesof Band C obtainedherefor the
LiI-Hp-trehalose systemwith thoseof othersystems
(6)
(7)
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Figure1. Relationshipbetweenthe valuesof parameter
and determinedfor different composition
T,fT
Figure 1.Temperature dependence of viscosity for
various compositions of trehalose-water-lithiumiodide
system,obtained from Equation (1).
By usingEquations(4),(5)and(6),wecanobtain
thefollowingrelationshipbetweentheVFT parameters
andtheBSCNF modelparameters
Table1. Values of the parameters and the fragility index of
trehalose-water-lithium iodide system determined from the
BSCNF model
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[15],wenotethatthesysteminconsiderationisrelatively
strong.This behaviorarisesquiteprobablyfrom the
routeof how theparametersBand C wereobtained.
In the presentstudy, thesewere obtainedthrough REFERENCES
VFT parameters determined from conductivity
measurements[4]. On the other hand, for the other [1].
systems,Band C weredeterminedby fittingdirectlyto
viscositydata[15].
In our analysis,we have shownthatthe VFT
parameterscanbedescribedin termsof theparameters [2].
of theBSCNF model.This indicatesthattheBSCNF
model provides a physical interpretation of the
phenomenologicalVFT parameters.For instance,
in Ref. [4] theVFT parametersweredeterminedfrom [3].
conductivity measurements.However, no physical
interpretationwasgiven.By reanalyzingtheirdatain [4].
thelightof ourBSCNF model,wehavediscussedwhat
happensin thecompositiondependence.Specifically,
wehaveshownthatsuchparameterscarryinformation [5].
on the degreeof connectivitybetweenthe structural
units.In addition,by usingthemodel,thetemperature [6].
dependenceof theviscositywaspredicted.
CONCLUSION
The Bond Strength-Coordination Number
Fluctuation(BSCNF) modelhasbeenusedtostudysome
physicalpropertiesofLiI-Hp- Trehalosemixtures.The
result suggeststhat by increasing the content of
trehalose,maintainingthecontentof LiI constant,the
fragility index decreasesdue to the increaseof the
connectivitybetweenthestructuralunits.Wehavealso
foundthatby increasingthe watercontent,the total
bondstrengthdecreasesand its fluctuationincreases,
resultingin theincreaseof thefragilityof thesystem.
The physical interpretationof the phenomenological
VFT parametershasbeengivenbasedon theBSCNF
model.The resultindicatesthatsuchparameterscarry
informationonthedegreeof connectivitybetweenthe
structuralunits
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